Abstract-Power industry has restructured in last decades and now it has become a commodity rather than a utility with the maximization of profit as its main purpose. Peak ripples in the electricity demand curve could disturb the economic generation. In developing countries, Electric Supply Companies are unable to meet the existing power demand due to unfeasible and unjustified fuel burning. Therefore, they are left with load shedding as the only Demand side solution. It is a well-known fact that the Light Emitting Diodes (LED) Lighting could be used to conserve electricity. However, LED could also be used as an energy management technique without affecting the comfort level of consumer. Electricity demand and supply curves could be correlated up to 93% through this option. Argument is supported by correlation analysis of estimated daily demand and supply curves of Karachi Electric Supply Company (KESC). Estimated curves are developed through LED lighting energy conservation analysis on KESC summer and winter demand curves. Finally, from global perspective, LED lighting is not only a remedy for removal of peaks and ripples in demand curve but also a feasible solution for global climate problems through energy conservation and low carbon emissions.
INTRODUCTION
For any developing country like Pakistan, the economic stability is of grave significance. The economy of the country is vastly affected by the electrical power shortage [1] . The utility companies have failed to meet the increasing power demands of the consumers within strategic profit maximization due to variations in daily curve and dependency on oil and gas [2] .The increasing hours of load shedding have caused a wave of frustration in the general public leading to protests, strikes and political instability. Furthermore, self-generation in commercial and industrial sectors is not only increasing the inflation rate but also adding to the contamination of the environment.
According to recent reports, several companies have shifted their business from Pakistan due to electric power shortage and worsening conditions of law and order [3] . This is a major blow to the collapsing economy of the country and if serious measures are not taken to resolve the power crisis of Pakistan, the country will find itself at an alarming stage. Electricity generation is responsible for 41% Green House Gases (GHGs) in total global GHGs [4] .The increase in generation would not only require local and foreign investments but would also have harmful effects on the environment due to addition in GHGs. Moreover, the transmission system in the country is already working on its full capacity [5] and the construction of new transmission lines would require more investment which is not possible in the current scenario. Distributed generation, like solar and wind energy systems, is required due to the limitations in transmission capacities [6] . Off-grid solar and wind energy systems are currently very expensive due to the periodic cost of batteries which makes them unfeasible [7] . On the other hand, dynamic power system is required to avoid the use of batteries and to move towards On-grid power solution [8] .
Energy efficiency is a reliable, sustainable and economical way to overcome the power deficit as part of both short term and long term power system planning [9] . Power demand can be permanently reduced with the help of smart appliances [10] . There is a need for government to motivate the manufacturers for making smart, energy efficient appliances in order to permanently reduce the demand without causing any further damage to the environment. As compared to various proposed demand side management techniques [11] , it does not require any management or controlling system to optimize the power demand by shifting of peaks.
KESC is mainly dependent on fossil thermal power plants which are suitable for base load [12] . It is critically important to shift peaks and valleys of demand curve to handle problems of intermediate and peak loads. Although generation capacities are available to meet the demand but it is not a feasible option to utilize thermal power plants for peak loads.
In this paper, it is proposed that power demand and supply be optimized by optimizing daily load curves. Major load contributors can be analyzed to optimize the daily demand curve. It was observed that lighting and air conditioning load contribute significantly to the total demand. Therefore, energy saving from lighting load and air conditioning load (ACL) could adequately reduce energy consumption. Lighting load contributes 20% to 40% of the total demand of the country [13] . Scope of this paper is limited to lighting load but similar research can be carried out for ACL. Many policies were made to move towards efficient lighting options [14] . In Pakistan too, energy efficiency program was started by the government in which 30 million compact florescent lamps (CFLs) were planned to be distributed free of cost. Through this program, $1.84Billion were estimated to be saved by avoiding generation of 1600MW [15]. Significant energy is conserved by the use of CFL but the power factor of these lamps is 0.57. This consequently increases the reactive power demand of the system along with increase in the harmonic level and voltage distortion of the system [16] .
The use of LED lamps is a recommended option not only due to its better performance as compared to other technologies but also due to its ability to significantly manipulate the demand as proposed in this paper. The LED lamp has a long life as compared to other lighting schemes so the replacement cost of frequently changing the lamps will also be reduced [17] . Moreover, the LED lamps can be installed in existing lighting fixtures without the need of renovation in existing buildings as compared to other energy conservation techniques like in phase change material to store heat in a room [18] [19] [20] .
Karachi city has been taken as a pilot project, and the data of KESC has been used to carry out this research, but this research is equivalently applicable in other countries due to the same kind of loads and global objectives to save this world from climate change and associated problems. In this paper, Section II explains the existing electricity scenario to understand the scale of problem. Extensive lighting load data is summarized in Section III which is used to estimate energy savings in section IV through plotting expected demand curve using LED lamps. In section V the effects of LED lighting are analyzed on daily load curves of summer and winter, while in section VI results are quantified by co-relating the supply and demand curves. Finally, the results are discussed in section VII followed by conclusion.
II. EXISTING POWER DEMAND AND SUPPLY
Existing power industry scenarios and demand patterns are very important to start with the impacts of LED lighting scheme on the total power demand and daily load curves. For this purpose, Karachi has been taken as a pilot research zone.
Pakistan is a developing country and Karachi is a major contributor in its economic growth. Domestic, commercial and industrial sectors are the major electricity demand contributors in Karachi as shown in Figure 1 [21] . Thus, for reducing the power demand of the city, these sectors should be the main area of focus. When aiming to reduce the power demand of a particular sector, it is critically important to monitor the daily load curves of that sector. The pattern of the daily load curve remains more or less the same throughout the year but differs only due to seasons and environmental temperature. From distribution point of view, the seasons of summer and winter are very important as the consumer demand in these seasons is very different. To analyze the supply and demand curves of summer and winter the curves of KESC are taken as a model.
It is worthwhile to note that the power shortage on a hot day of summer was increased up to 500MW i.e. 20% of total demand as shown in Figure 2 . Similarly, in winter, the demand was increased to some 1900MW while the utility company was only successful in generating 1500MW with economic feasibility which resulted in excessive load shedding of up to 400MW as can be observed in Figure 3 . 
III. LIGHTING LOAD RESEARCH
To study the effects of LED lighting on total demand curves, it is first necessary to know the lighting load curves of KESC. Detailed research on lighting load was conducted to estimate lighting load share in daily load curves of Karachi. Lighting load data have been collected through energy audits, surveys, lighting projects, building design projects of M/S Natural Reflection Energy Solution (Lighting designer and lamps provider), M/S SA Engineering (Electrical contractor) and M/S ARCS MEN (Consultant). This data was only sufficient for verifying industrial and commercial lighting loads. A survey was taken through 800 students of electrical engineering department of NED University to verify residential loads.
Lighting load research shows that the domestic, commercial and industrial sector have collective share of 86% in total lighting load of Karachi as shown in Figure 4 . The lighting load contributes to 18.10% of the total electricity demand of Karachi which adds up to 453 MW as summarized in Table I . This percentage is almost similar to the lighting load of United Kingdom and other countries [22] .
In summer, the lighting load can cause a peak of as much as 500 MW while in winter peaks of 550 MW occur on daily basis due to longer nights as shown in Figure 5 . Thus, if the lighting load is somehow reduced, it will adequately modify the electricity demand curve. 
IV. ELECTRICITY SAVING ANALYSIS THROUGH LED LIGHTING
Different lighting technologies are being used presently in different sectors, so it is important to study all of them separately. It is also vital to calculate the individual energy conservation factor of each technology for observing the difference with LED, which is shown in Table II . If all the lighting schemes in each sector are replaced by LED, then 62% of lighting load could be reduced i.e. about 284.6MW as summarized in Table 2 . However only 60% have been considered for the purpose of calculations. With this reduction of the lighting load, the projected lighting peak in summer would be of 300MW which previously was of about 500MW. Similarly, in winter, the peak will be abridged to 320MW from 550MW as plotted in Figure 6 . MH is the abbreviation for Metal halide while others include other gas discharge lamps such as high and low pressure sodium lamps etc. The presented scheme could help in manipulating the daily curve as per existing power shortage. It would not only reduce the demand but would also yield huge financial profits to the KESC due to removal of peaks.
The power shortage and power saving through LED curves are compared, to estimate the expected demand curve. Correlation analysis is carried out to estimate the similarity factor of the available electricity supply curve to the existing and expected demand curves of summer and winter daily load curves.
A. Daily Load Curve In Peak Summer
Previously, in summer, the wide gaps between demand and supply caused excessive load shedding. When LED is used the power saving curve of LED moves simultaneously with the shortage curve as shown in Figure 7 . This means that as the shortage increases, the saving increases too, denoting that the lighting load contributes significantly to shortage peaks. Electricity deficit could be reduced from 500MW to 150MW. It means that 70% of total electricity deficit in peak summer can be reduced through LED lighting as can be observed in Figure 8 . It would not only help in reducing peaks and ripples but it is also a feasible method for KESC to maximize its revenue. 
B. Daily Load Curve In Peak Winter
Similarly, in winter, a large amount of energy can be saved through LED lighting as the power saving curve follows the power deficit curve as can be observed in Figure 9 . The power shortage has reduced from 350MW to 40MW and at some point the gap between demand and supply has completely diminished as can be seen in Figure 10 . Correlation analysis is an effective statistical tool to determine the similarity factor between two variables. In this section, this tool has been to determine the similarity between electricity demand and supply curves. The existing and expected demand (MW) and supply (MW) in summer and winter season after considering the impact of LED lamps is shown in Table 3 and  Table 4 respectively. In general, the coefficient of correlation (r) can be calculated by using equation (1).
where are the sample means of both variables.
The coefficient of determination (CoD) in terms of percentage can be used to determine the similarity factor between two variables. CoD can be calculated by using equation 2.
Coefficient of correlation (r) along with coefficient of determination (r 2 ) have been calculated for summer and winter in both scenarios i.e. before and after replacing LED lamps with traditional lighting schemes as summarized in Table 5 . 
VII. RESULTS AND DISCUSSIONS
As Summarized in Table 5 , it was found that the existing demand and supply curves were only 1% similar during summer season. When the correlation technique was applied to the predicted curves after the reduction of demand with LED lighting, the similarity factor was improved to 44.45%. Similarly, in winter season the existing curves of demand and supply were 81% similar while this similarity factor increased to 92.87% with the use of LED.
With this drastic improvement in the similarity of curves and conservation of energy, the utility company overcome the power demand with economic feasibility without having the need of investing money in power generation and transmission.
VIII. CONCLUSION
Energy conservation from LED lighting is a well-known fact. In this paper the use of LED lighting scheme is proposed as a demand side management technique to modify the peaks and ripples in the electricity demand curves as per available supply. With the quantification of the impacts of LEDs, it was observed that the demand curves could be modified and the peak ripples could be removed. With the reduction in demand, the similarity between the supply and demand curves was increased. This improvement in similarity factors is estimated to be 43.45% in summer and 11% in winter.
Energy conservation through this approach will also have positive impact of the environment by reducing the carbon emissions due to electricity generation. However, main focus of this paper is to quantify the impact of LED lamps on power demand and supply curves therefore other incentives of LED lamps have not been covered in detail.
